Abstract Physical properties and color parameters were compared in goat and sheep meat blankets ''mantas'' obtained after salting and air-drying processes at 8-10°C for 48 and 120 h, respectively. Animal which were used in preparation process did not meet the requirement of age and weight to be involved into the classifications of Protected Designation of Origin or Geographical Indication established by Portuguese regulations. pH, water activity (a w ), water holding capacity (WHC) and texture were assessed in longissimus dorsi muscle of fresh meat samples. The processes of product fabrication consisted of six stages: ageing, deboning and obtaining of mantas, salting, stumbling, washing, air drying and vacuum packaging. Color CIELAB parameters were monitored during salting and air-drying processes at subscapularis and semimembranosus muscles. Significant differences were found between physical characteristics of fresh meats; texture and WHC were the factors most influenced by ageing. Sheep meat blankets reached values of L*, b* and C* higher than the goat but a lower value of a*.
Introduction
Production of goats and sheep still plays an important role in the economy of Portugal with an annual contribution average of 23.000 tonnes [1] . Sheep and goat meat are within the three species most consumed at national level [2] . Serrana and Churra Galega Bragançana are the most important Portuguese goat and sheep breeds. Their breeding, production and commercialization of derived products have been promoted as viable strategies for development of rural economy. Meat from these small ruminants provides to consumers especial characteristics such as low-fat content, high protein content and acceptable organoleptic features [3] [4] [5] .
Portugal government adopted the European requirements to regulate the Protected Designation of Origin and Geographical Indication in order to encourage and value agricultural and foodstuffs products as well as to safeguard the authenticity of the models of extensive farming performed in disadvantaged regions. This fact has contributed to devalue meat from heavier and older animals as well as culled goats and sheep. In this sense, new strategies for recovering these species are needed. Cured meat products appear as a reasonable alternative due to they combine a high protein content with proper lipid composition to obtain a food widely accepted by consumers. Such products are the result of having submitted the meat to treatments with salt or smoke and drying process [6, 7] . Among food produced with meat of species such as goats, sheep, deer and horses are: Cecina in Spain, biltong in South Africa, jerky in South America and bresaola in Italy [6, [8] [9] [10] [11] . In this context, a project among a research center, two breeder associations and a meat manufacturing industry was developed to add value to a product, meat blankets ''mantas'', using goat and sheep meat from culled animals with very low commercial value and consumer acceptability that cannot be commercialized as Protected Origin Denomination (DOP) or Protected Geographical Indication (PGI). The aim of this work was to characterize the physical characteristics during the main stages of fabrication process (fresh, salted and air-dried meat) and to study the effect of each species and muscle sampled on physical characteristics.
Materials and methods

Animals and raw material
Sixteen culled animals, eight Serrana goats and eight Churra Galega Bragançana ewes between 8 and 12 years old and with an average of 45 ± 5 kg overweight were randomly selected from several flocks by goat and sheep Portuguese breeder Associations (ANCRAS and ACOB). All animals were raised under the same production system based on daily natural grassland and free-feeding wheat or rye straw. Animals were slaughtered in official local abattoir of Bragança.
Meat processing
After slaughter, the average carcass weight was 20.0 ± 1.9 kg. Meat processing involved the following steps: (1) Ageing: carcasses were cooled at 4°C for a period of 4 days in dark; (2) Blankets obtention (mantas) of meat: carcasses were divided into quarters by a straight cut from a point close to the lower edge of the backbone at the 13th rib and then, deboned separating only the long bones and vertebral column, retaining the ribs in the anterior quarter and preventing muscles from being separated; (3) Salting (using NaCl 20 % w/w) and staking mantas pieces (eight per species) into piles-each one from the others were separated by a 5 cm of coarse marine salt during 96 h in a cooler with a constant temperature of 48°C and relative humidity of 75 %; (4) Stumbling: mantas were rearranged every 12 h moving down the upper-most piles in order to homogenize the salt distribution; (5) Washing or brushing to remove the excess of salt; (6) Air-drying at 8-10°C during 48 h and a relative humidity of 60-70 %; (7) Vacuum packaging and refrigeration. Meat samples were taken from the longissimus dorsi, subscapularis and semimembranosus muscles for instrumental analysis.
Measurements and instruments
One hour after post mortem pH and a w measurements were recorded from the longissimus dorsi muscle between the 12th and 13th ribs of the left side of carcass. After slaughter and over ageing, pH and a w were measured again in subscapularis and semimembranosus muscles using a portable pH meter HANNA HI 99163 with pre-amplified pH electrode FC 232D and removable stainless steel blade according to the Portuguese standard [12] ; water activity measurements were performed with a probe measuring over the range 0-1, with room temperature control using a water activity probe (HygroPalmAw1 rotronic 8303, Bassersdorf, Switzerland) according to [13] . At the end of refrigeration time, water-holding capacity (WHC) was evaluated according to the Honikel procedure [14] , as well as, shear force (SF). This measurement consisted of meat samples placed inside a bag into a water bath heated at 70°C. After cooled, the muscle was cut (the cut line parallel to the muscle fibres direction) in pieces of about 2 cm long and 1 cm 2 section, and measured (8 repetitions for sample) with the maximum SF in kgf with an Instron press (5543 J-3177) equipped with a Warner-Bratzler cell. The coordinates of color of CIELAB lightness (L*), redness (a*) and yellowness (b*) were assessed in fresh meat samples in longissimus dorsi, while in salting and air-dried samples in subscapularis and semimembranosus muscles using a chromameter Minolta CR 10 according to [15] . Hue (H*) and Chroma (C*) attributes were calculated using a* and b* coordinates. All measurements were performed by triplicate.
Statistical analysis
The experimental design was completely randomized. The effects of species and muscle location on color attributes were studied. The effects of specie and ageing on pH, a w , WHC and texture were analyzed. Data were analyzed by ANOVA with ageing, species or muscle location as fixed effects. The least square means were calculated and the Tukey test was used to determine significant differences. All statistical differences were considered significant at a level of P \ 0.05. Statistical analysis was performed using the SPSS software for Windows, version 19.
Results and discussion
Determination of fresh meat parameters
Physical characteristics of fresh goat and sheep meat are gathered in Table 1 . The marked decline of pH in meat from both species between 1 and 24 h puts in evidence the Comparative evaluation of physical parameters of salted goat and sheep meat blankets ''mantas… 671 loss of strength and permeability of the cell membrane [16] and it is a result of the post-mortem acidification and rigor development. Significant differences (P B 0.001) were found between the average pH of fresh meat of goat and sheep during ageing. These findings evidence rapid changes of large structural proteins which tend to take place within 48 h post mortem. In addition, this behavior could be associated to the level of degradation of myofibrillar proteins during refrigeration storage [17] . The mean pH value of goat meat after 1 h of cooling (6.60) was comparable to the value reported by [18] for French goat meat (6.27 ± 0.45). Ultimate pH measured after 24 h of slaughter animals was significantly (P B 0.001) higher in goat meat than sheep. Significant differences (P B 0.001) between species were found except for a w determined at 1 h after ageing. Sheep meat showed a value of a w significantly higher than goat meat at 24 h. This difference could be a result of different carcass fat level, which is lower in goat than sheep carcasses. After 24 h of cooling, a w of carcasses of both species dropped in accordance with the results found and described previously by [19] .
Water holding capacity is due to the immobilization of surface water on myofibrils systems. It is mainly determined by the characteristics of species [20] . During early post mortem (24 h), the mean value of WHC for sheep meat was significantly higher (P B 0.001) than goat meat as it was been expected since the fat level in goat meat is lower than sheep meat, affecting consequently WHC. On the other hand, the effect of pH and storage time on the myofibrillar component of muscle is well recognized [7, 16] . Thus, the higher WHC in sheep meat should be associated to the depletion less pronounced of pH (1 to 24 h) leading to a lower denaturalization process of myofibrillar, but behavior observed is opposed. WHC results suggest that other factors such as genetic origin, enzymes content and transportation of meat [21] should be influencing the observed behavior.
Regarding texture, goat meat presented a value statistically significant (P B 0.001) higher than sheep fresh meat. This parameter involves properties such as tenderness and juiciness which are also affected by aspects such as chemical composition, the intrinsic enzyme activity or pH of meat [20] . Several studies have reported that goat meat has thicker muscle fibers [22] due to higher collagen content and less intramuscular fat than sheep [23] . In addition, the higher denaturalization process in sheep meat (pH 5.85) contributes to its higher tenderness (5.85 kgf/cm 2 ). Water activity and WHC values are in agreement with texture values found in this study. Goat meat differed in 17 % from determined by [6] after 120 h cooling (6.9 kgf/cm 2 ). Data presented in Table 2 show the color parameters of fresh meats. a*, b*, L* and the Chroma (C*) measurements in sheep meat were significantly higher than goat meat while H* parameter was significantly (P B 0.05) lower in sheep meat than goat.
The goat carcasses had a mean L* value reasonably consistent with values reported by [6] for samples from similar species at two different ageing periods (33.0, 32.3 for 72 and 120 h of ageing, respectively); H*, a* and b* parameters were below and C*attribute showed differences over 50 %. The findings could be explained from a faster denaturation of protein portion of myoglobin in this study, which would accelerate the oxidation of iron and, therefore, causes a value higher of a*.
Color parameters were affected by sampling area or type of muscle. Significantly higher values of L*, H*, a* and C* were detected in subscapularis muscles than in semimembranosus. Intrinsic factors would be influencing these parameters such as rigor mortis development in muscle, muscle features and animal stress reactivity [24] . It is known that the variability of color parameters due to type of muscles is important and mainly explained from different type of metabolism, pH/temperature regimes, rate of oxidation and respiratory activity [25] . A significant (P B 0.05) interaction between species and sampling area was observed for a*, b* and C* parameters, meaning that meat samples taken from different muscles in goats and sheep behaved differently on redness, yellowness and Chroma.
Determination of salted and dried meat parameters
Determinations of pH and a w in salted meat samples are shown in Table 3 . Significant differences between species were found for pH but not for a w . Such differences should be involving different influence on the tenderness meat of two species. The loss of a w that takes place during salting process due to the reduction of humidity was encouraged by the acidification and proteins denaturation. Both meat samples showed a similar progressive decrease. Table 4 shows the color parameters assayed in salted samples. Results follow the typical evolution observed in meat samples storage under similar conditions [6, 26, 27] . A noteworthy change of a* respect to fresh meat was NS not significant * P B 0.05; ** P B 0.01; *** P B 0.001 NS not significant ** P B 0.01; *** P B 0.001
Comparative evaluation of physical parameters of salted goat and sheep meat blankets ''mantas… 673 detected in both species which is relevant for acceptability of final product. Significant differences between species were noted. With respect to sampling area, a* and C* parameters were found to be differently (P B 0.001) higher in subscapularis than semimembranosus, while H* resulted higher in semimembranosus. Not significant interaction between sampling area and species were observed. L* (34.7) and b* (6.5) values found in meat from Serrana breed by [6] were close to those measured here, despite in this study, double time was used for salting. With respect to the rest of color parameters, differences of 26, 84 and 96 % for H*, a* and C*, respectively, are estimated.
The effect of air-drying process in the meat color is shown in Table 5 . The most affected parameters were a*, H* and C*. Air-drying made meats darker, less yellow and less vivid. L*, b* and C* parameters were significantly higher for sheep meat than goat; whilst a* value was significantly lower. Significant differences were detected for L*, a*, H* and C* values between different types of muscle. In addition, the statistical interaction between species and sampling area was not significant in terms of color meaning that meat goat and sheep samples from subscapularis and semimembranosus muscles behave similarly with air-drying process.
Conclusions
Physical parameters (pH, a w , WHC and texture) and color parameters of fresh goat and sheep meat were significantly different; WHC and texture showed the most clear variability which were mainly influenced by pH. Sheep meat resulted to be tenderer and have better color uniformity than other species evaluated. Salting and air-drying processes altered the color parameters of meat from both species. A slight decrease in brightness (L*), a greater decrease in the redness (a*) and yellowness (b*) and consequently in Chroma (C*) were observed as well as an increase of Hue (H*). Overall, meat blankets darker were obtained. The type of muscle influenced mainly a*, H* and C* values into measurements made in a same species. However, goat and sheep meat from subscapularis and semimembranosus behaved similarly with salting and airdrying process. Results of this physical evaluation showed the preparation of goat and sheep meat mantas as a good strategy to valorize meat from discarded animals, promoted the diversification of processed products from small ruminants and it could increase revenue for producers. 
